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COMPONENT FOR PROTECTING 
TELEPHONE LINE INTERFACES 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a protection component, 

and more particularly to a protection component designed to 
protect telephone lines. 

2. Discussion of the Related Art 
European patent application EP-A-0,687,051 ?led by the 

applicant describes a circuit for protecting a telephone line 
interface and speci?c embodiments of the circuit in the form 
of a monolithic component. FIG. 1 of the present patent 
application is a copy of FIG. 4 of the above-mentioned 
application and represents an element of the circuit includ 
ing tWo head-to-tail connected thyristors Th1 and Th2, 
respectively having a cathode gate and an anode gate. 
Thyristors Th1 and Th2 are connected betWeen a line AB 
and a reference terminal G. The gates are interconnected to 
point B. A common terminal of thyristors Th1 and Th2 is 
connected to point A, a resistor Rd being connected betWeen 
points A and B. The other common terminal of thyristors 
Th1 and Th2 is connected to the reference terminal G. A 
Zener diode Z1 connected betWeen terminals B and G 
causes, When avalanching, thyristor Th1 to trigger. A Zener 
diode Z2 connected betWeen terminals A and G causes, 
When avalanching, thyristor Th2 to trigger. When the current 
betWeen terminals A and B exceeds a predetermined 
threshold, either one of thyristors Th1 and Th2 is triggered 
by its gate. 

Thus, in the circuits of FIG. 1, depending on its biasing, 
either one of thyristors Th1 and Th2 becomes conductive if 
the current in resistor Rd exceeds a predetermined threshold 
or if the voltage on line AB exceeds the avalanche voltage 
of diode Z1 or Z2. 

FIG. 2 of the present patent application is a copy of FIG. 
7 of the afore-mentioned application and constitutes an 
embodiment of the circuit of FIG. 1. An indication of the 
locations of elements Th1, Th2, Z1 and Z2 of FIG. 1 has 
been added in FIG. 2. 
When designing and realiZing the invention related to the 

afore-mentioned application, the applicant noted that one of 
the main difficulties to be solved Was to obtain similar 
sensitivities for the gate triggering of thyristors Th1 and Th2 
and to obtain suitable hold currents. Thus, various means 
Were indicated in the afore-mentioned application to solve 
this problem. 

HoWever, during the implementation of the circuit, the 
applicant noted that, although the triggering of thyristor Th1 
due to the avalanching of the Zener diode Z1 raises no 
particular problem, the sensitivity of the triggering of thy 
ristor Th2 due to the How of current through resistor Rd 
should be further improved. More particularly, the triggering 
Was too sloW (duration longer than 1 Efforts of opti 
miZing the location of the component (see FIGS. 8A—8B of 
European patent application 0,687,051) have been unsuc 
cessful. Thus, When an overcurrent With a particularly sharp 
edge (for example, a standardiZed Wave 0.5/700 us of a 30-A 
intensity) occurs on line AB, the thyristor Th2 becomes 
conductive after a slight delay and, during this delay, the 
protection component transmits the 30-A peak current, 
Which can damage the integrated circuit that is to be pro 
tected. 

SUMMARY OF THE INVENTION 

An object of the present invention is to solve the above 
problem and to improve the reaction speed of the component 
further to the occurrence of a positive overcurrent on line 
AB. 
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2 
To achieve this object, the applicant has totally modi?ed 

the structure of the component of FIG. 2 and more particu 
larly the portion of the component corresponding to thyristor 
Th2, as disclosed hereinafter. With the modi?cation accord 
ing to the present invention, a very fast triggering of 
thyristor Th2 at the occurrence of an overcurrent is obtained 
(shorter than 1 us after the beginning of the overcurrent). 
An illustrative embodiment of the present invention that 

achieves these objects is a monolithic component that pro 
tects against overcurrents liable to occur on a line that is 
series connected to a detection resistor. The component is 
formed in a substrate of a ?rst conductivity type having an 
upper surface and a loWer surface and includes ?rst, second 
and third metalliZations, a ?rst cathode-gate thyristor, a 
second anode-gate thyristor, and an avalanche diode. The 
?rst and second metalliZations, on the upper surface of the 
substrate, connect to respective terminals of the detection 
resistor, and the third metalliZation, on the loWer surface of 
the substrate, connects to a reference voltage. The ?rst 
cathode-gate thyristor and the second anode-gate thyristor 
are head-to-tail connected betWeen the ?rst and third 
metalliZations, the second metalliZation corresponding to 
gates of the ?rst and second thyristors. The avalanche diode 
is connected betWeen the second and third metalliZations so 
that its avalanching causes the ?rst thyristor to be forWard 
conductive. The second thyristor is of a gate triggering type 
or of a forWard breakover type, the breakover voltage of the 
second thyristor being substantially equal to an avalanche 
voltage of the avalanche diode, and the ?rst thyristor is 
laterally insulated by a diffusion Wall of a second conduc 
tivity type. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, features, aspects and 
advantages of the invention Will become apparent from the 
folloWing detailed description of a preferred, non-limiting 
embodiment of the present invention described by Way of 
example With reference to the accompanying draWings, in 
Which: 

FIG. 1 is a circuit for protecting a telephone line interface 
and corresponds to FIG. 4 of European patent application 
EP-A-0,687,051; 

FIG. 2 is a cross-sectional vieW of the circuit of FIG. 1 and 
corresponds to FIG. 7 of European patent application EP-A 
0,687,051; and 

FIG. 3 represents an exemplary integration of a modi? 
cation of the structure of FIG. 1 according to an embodiment 
of the invention. 
As conventionally represented in the ?eld of semiconduc 

tor components, cross-sectional vieWs of the components are 
not draWn to scale, horiZontally or vertically. To select the 
siZe of the components, those skilled in the art Will refer to 
the conventional art and to the content of the aforementioned 
patent. 

FIG. 3 very schematically represents an exemplary mono 
lithic embodiment of a modi?cation of the circuit of FIG. 1 
according to the invention. The component is fabricated like 
that of FIG. 2 from an N-type substrate. On the left-hand 
portion of the component are located the same elements as 
those represented in the left-hand portion of FIG. 2, Which 
are designated With the same references. 
One difference With respect to the circuit of FIG. 2 is that 

the set of layers and semiconductor regions is formed in a 
Well insulated by deep P-type diffusion Walls 11 to insulate 
thyristor Th1 and its associated components from thyristor 
Th2. The Walls are conventionally formed from the upper 
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and lower surfaces of the substrate. In addition, in FIG. 3, 
the region P8 illustrated in FIG. 2 and used for detecting 
short-circuits is not represented but can of course be 
provided, if desired. Thus, the left-hand portion of FIG. 3 
includes, on the loWer surface of the substrate, a P-type layer 
P2 and, on the upper surface of the substrate, P-type regions 
P1 and P7 in Which are respectively formed N-type regions 
N1 and N7. An N-type region N4 is formed at the interface 
betWeen region P7 and substrate N. 

The loWer surface of the Wafer is coated With a metalli 
Zation M2. Region P7 is coated With a metalliZation M3. 
Region N7 and a portion of region P1 are coated With a 
metalliZation M7. Region N1 is coated With a metalliZation 
M1-1 Which corresponds to a portion of the metalliZation 
M1 of FIG. 2. 
As described in the afore-mentioned application, this 

structure implements thyristor Th1 and Zener diode Z1 of 
FIG. 1. Thyristor Th1 includes regions N1-P1-N-P2 and is 
associated With regions N7 and P7 to form a gate 
ampli?cation thyristor. The Zener diode Z1 is formed by the 
junction betWeen regions P7 and N4, the junction being 
especially designed to ensure this function. 

The right-hand portion of FIG. 3 represents an embodi 
ment of the elements corresponding to thyristor Th2 and 
Zener diode Z2 of FIG. 1. As Will be noted hereinafter, 
thyristor Th2 does not differ from diode Z2, since diode Z2 
corresponds to one of the junctions of the thyristor Th2 
Which is in fact a forWard breakover triggering thyristor. 
This structure may be formed in a Well insulated by P-type 
vertical diffusion Walls 12. 

In the right-hand portion, the loWer surface is occupied by 
a highly doped N-type layer N11 formed by diffusion or 
implantation-diffusion. On the upper surface, are succes 
sively formed a deep P-type diffusion P12; an N-type deep 
diffusion N13 in region P12 and; in region N13, non 
overlapping P-type region P14 and N-type region N15. 

Thyristor Th2, from its anode to its cathode, corresponds 
to the regions and layers P14-N13-P12-N-N11. Region N15 
is an anode-gate contact region. The anode region P14 is 
coated With a metalliZation M1-2 connected to metalliZation 
M1-1. The anode-gate contact region N15 is coated With a 
metalliZation M4 corresponding to the metalliZation having 
the same reference in FIG. 2 and is connected to terminal B. 

In this structure, When thyristor Th2 is forWard biased, the 
junction liable to avalanche is junction N13-P12. It is 
therefore this junction Which should be optimiZed to have a 
desired triggering threshold, preferably close to the one of 
junction P7-N4. Since regions P12 and N13 are formed by 
successive diffusions, it is possible to optimiZe the doping 
levels and the diffusion patterns so that the junction has the 
desired characteristics. 

Likewise, considering that thyristor Th2 is formed by an 
assembly of PNP transistor P14-N13-P12 and NPN transis 
tor N13-P12-N-N11, the gains of these transistors can be 
optimiZed to increase the sensitivity of thyristor Th2, 
according to the object of the invention. 

The fabrication of such a component does not require any 
additional fabrication steps With respect to the fabrication of 
the component of FIG. 2 (taking into account that, although 
no insulation Wall is represented in the partial vieW of FIG. 
2, insulation Walls may be provided elseWhere in the struc 
ture of Which the component of FIG. 2 is an elementary 
component). More particularly, region P12 can be fabricated 
simultaneously With the upper portion of the insulation Walls 
11 and 12, region N13 simultaneously With region N4, 
region P14 simultaneously With regions P1 and P7 and 
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4 
region N15 simultaneously With regions N1, N7 and N11. 
HoWever, although they result from the same diffusion steps, 
i.e., With the same annealing duration and temperature, these 
diffusions can result from implantations at different doses. In 
particular, the doping level of region P12 is signi?cantly 
smaller than that of the insulation Walls. 

By Way of example of numeric values, the folloWing 
values of surface concentrations Cs (atoms/cm3) and of 
junction depth xj can be selected for the various 
regions. 

Cs P layer 14 a few 1018 20 

N layer 15 a few 1020 10 
N layer 13 a few 1017 40 
P layer 12 a few 1016 90 
N layer 11 a few 1020 10 

Additionally, to avoid parasitic triggering, stop-channel 
rings are preferentially formed at the internal periphery of 
each Wall 11, 12 (and at least of Wall 11). The stop-channel 
rings are respectively labeled 21 and 22. Such stop-channel 
rings avoid parasitic triggerings of parasitic MOS transistors 
due to a voltage on an upper metalliZation. For example, in 
FIG. 3, the line connecting metalliZations M3 and M4 is in 
fact a metalliZation that passes over the silicon oxide that lies 
over the area comprised betWeen region P1 and the insulat 
ing Wall 11. If this metalliZation is at a negative potential 
With respect to the loWer metalliZation, a P-channel MOS 
transistor (P11-N-P1) can be turned on and a current can 
?oW through the gate of thyristor P2-N-P1-N1 and turn it on 
at a voltage loWer than the desired voltage de?ned the Zener 
diode N4-P7. The stop-channel rings avoid such a draWback. 
As is apparent to those skilled in the art, various modi 

?cations and additions can be made to the above disclosed 
preferred embodiments. For example, various conventional 
structures, such as emitter short-circuit regions, can be 
conventionally fabricated by those skilled in the art. The 
described structure can be only a portion of a component that 
includes, for example, tWo symmetrical structures identical 
to the one of FIG. 3. For the distributions and densities of the 
emitter shorts in regions N1 and N11 the speci?cation of the 
afore-mentioned application should be referred to. 
Having thus described at least one illustrative embodi 

ment of the invention, various alterations, modi?cations and 
improvements Will readily occur to those skilled in the art. 
Such alterations, modi?cations, and improvements are 
intended to be Within the spirit and scope of the invention. 
Accordingly, the foregoing description is by Way of example 
only and is not intended as limiting. The invention is limited 
only as de?ned in the folloWing claims and the equivalents 
thereto. 
What is claimed is: 
1. Amonolithic component to protect against overcurrents 

liable to occur on a line that is series connected to a detection 
resistor, the component being formed in a substrate of a ?rst 
conductivity type having an upper surface and a loWer 
surface and comprising: 

?rst and second metalliZations, on the upper surface of the 
substrate, to connect to respective terminals of the 
detection resistor and a third metalliZation, on the loWer 
surface of the substrate, to connect to a reference 
voltage; 

a ?rst cathode-gate thyristor and a second anode-gate 
thyristor head-to-tail connected betWeen the ?rst and 



5,998,813 
5 

third rnetalliZations, the second rnetalliZation corre 
sponding to gates of the ?rst and second thyristors; and 

an avalanche diode betWeen the second and third 
rnetalliZations, the avalanche diode being connected so 
that its avalanching causes the ?rst thyristor to be 
forWard conductive; 

Wherein the second thyristor is one of a gate triggering 
type and a forWard breakover type, a breakover voltage 
of the second thyristor being substantially equal to an 
avalanche voltage of the avalanche diode, and Wherein 
the ?rst thyristor is laterally insulated by a diffusion 
Wall of a second conductivity type that completely 
separates portions of the ?rst and second thyristors that 
are formed from the substrate. 

2. The component of claim 1, Wherein the ?rst thyristor 
and the avalanche diode include: 

a ?rst region of the second conductivity type formed in the 
loWer surface of the substrate; 

second and third regions of the second conductivity type 
formed in the upper surface of the substrate; 

fourth and ?fth regions of the ?rst conductivity type 
respectively formed in the second and third regions; 

a siXth region of the ?rst conductivity type formed at an 
interface betWeen the third region and the substrate; 
and 

the second thyristor includes: 
a seventh region of the ?rst conductivity type formed in 

the loWer surface of the substrate; 
an eighth region of the second conductivity type 

formed in the upper surface of the substrate; 
a ninth region of the ?rst conductivity type formed in 

the eighth region; 
a tenth region of the second conductivity type formed 

in the ninth region; and 
Wherein the ?rst rnetalliZation contacts an upper surface 

of the fourth and tenth regions, the second rnetalliZation 
contacts the third and ninth regions, and a fourth 
rnetalliZation connects the second and ?fth regions. 

3. The component of claim 2, Wherein the second thyristor 
further includes an eleventh contacting region of the ?rst 
conductivity type formed in the ninth region. 

4. The component of claim 3, Wherein: 
the eighth region is formed simultaneously with the 

diffusion Wall of the upper surface; 
the siXth and ninth regions are formed simultaneously; 

and 

the second, third, and tenth regions are formed simulta 
neously. 

5. The component of claim 1, further including a stop 
channel ring formed at the internal periphery of said diffu 
sion Wall. 

6. The component of claim 1, Wherein the diffusion Wall 
laterally separates the ?rst thyristor from the second thyris 
tor. 

7. The component of claim 1, Wherein, a cathode of the 
second thyristor corresponds to the substrate. 

8. A rnonolithic protection cornponent formed in a sub 
strate of a ?rst conductivity type and having an upper surface 
and a loWer surface, the component comprising: 

a ?rst rnetalliZation formed on the upper surface of the 

substrate; 
a second rnetalliZation formed on the loWer surface of the 

substrate; 
a ?rst cathode-gate thyristor coupled betWeen the ?rst and 

second rnetalliZations; 

6 
a second anode-gate thyristor coupled betWeen the ?rst 

and second rnetalliZations, the second thyristor being 
head-to-tail connected to the ?rst thyristor and having 
a triggering threshold; 

5 a third rnetalliZation formed on the upper surface of the 
substrate, the third rnetalliZation being coupled to gates 
of the ?rst and second thyristors; and 

an avalanche diode having an anode that is coupled to the 
third rnetalliZation and a cathode that is coupled to the 
second rnetalliZation, the avalanche diode having an 
avalanche voltage that is substantially equal to the 
triggering threshold of the second thyristor; 

Wherein the ?rst thyristor is laterally insulated from the 
second thyristor by diffusion Walls of a second con 
ductivity type that completely separate portions of the 
?rst and second thyristors that are formed from the 
substrate. 

9. The component of claim 8, Wherein the second thyristor 
includes: 

a ?rst region of the ?rst conductivity type formed in the 
loWer surface of the substrate, the ?rst region contact 
ing the second rnetalliZation; 

a second region of the second conductivity type formed in 
the upper surface of the substrate; 

a third region of the ?rst conductivity type formed in the 
second region; and 

a fourth region of the second conductivity type formed in 
the third region, the fourth region contacting the ?rst 
rnetalliZation. 

10. The component of claim 9, Wherein a doping level of 
the second region is signi?cantly smaller than a doping level 
of the diffusion Walls. 

11. The component of claim 8, Wherein the ?rst thyristor 
and the avalanche diode include: 

a ?rst region of the second conductivity type formed in the 
loWer surface of the substrate, the ?rst region contact 
ing the second rnetalliZation; 

second and third regions of the second conductivity type 
formed in the upper surface of the substrate, the third 
region contacting the third rnetalliZation; 

fourth and ?fth regions of the ?rst conductivity type 
respectively formed in the second and third regions, the 
fourth region contacting the ?rst rnetalliZation; and 

a siXth region of the ?rst conductivity type formed at an 
interface betWeen the third region and the substrate; 

Wherein a fourth rnetalliZation connects the second and 
the ?fth regions. 

12. The component of claim 11, Wherein the second 
thyristor includes: 

a seventh region of the ?rst conductivity type formed in 
the loWer surface of the substrate, the seventh region 
contacting the second rnetalliZation; 

a eighth region of the second conductivity type formed in 
the upper surface of the substrate; 

a ninth region of the ?rst conductivity type formed in the 
eighth region; and 

a tenth region of the second conductivity type formed in 
the ninth region, the fourth region contacting the ?rst 
rnetalliZation; 

Wherein a fourth rnetalliZation connects the second and 
the ?fth regions. 

13. The component of claim 12, Wherein an avalanche 
65 voltage of a junction formed between the eighth and ninth 

regions is substantially equal to an avalanche voltage of a 
junction formed between the third and siXth regions. 
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14. The component of claim 12, wherein the second 
thyristor further includes an eleventh region of the ?rst 
conductivity type formed in the ninth region and contacting 
the third rnetalliZation. 

15. In a monolithic protection component that is formed 
from a semiconductor substrate having a ?rst conductivity 
type and includes a ?rst cathode-gate thyristor, a second 
anode-gate thyristor, and an avalanche diode, the ?rst thy 
ristor being head-to-tail connected to the second thyristor 
and gates of the ?rst and second thyristors being coupled to 
an anode of the avalanche diode, a method of increasing a 
triggering sensitivity of the second thyristor comprising the 
steps of: 

completely separating a ?rst portion of the substrate that 
is used to form the ?rst thyristor from a second portion 
of the substrate that is used to form the second thyristor 
to insulate the second thyristor from the ?rst thyristor 
and the avalanche diode; and 

adjusting a triggering threshold of the second thyristor to 
substantially equal an avalanche voltage of the ava 
lanche diode. 
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16. The method of claim 15, Wherein the step of separat 

ing includes: 
diffusing, around the ?rst thyristor, a dopant having a 

second conductivity type into an upper surface of the 
substrate; and 

diffusing, around the ?rst thyristor, the dopant into a loWer 
surface of the substrate; 

Wherein, the second conductivity type is opposite to the 
?rst conductivity type and the steps of diffusing form 
an insulating Wall around the ?rst thyristor. 

17. The method of claim 16, Wherein the second thyristor 
includes alternating regions of the ?rst and second conduc 
tivity types and the step of adjusting includes a step of 
modifying dopant levels of the alternating regions to adjust 
the triggering threshold of the second thyristor. 

18. The method of claim 16, Wherein the second thyristor 
includes alternating regions of the ?rst and second conduc 
tivity types and the step of adjusting includes a step of 
modifying diffusion patterns of the alternating regions to 
adjust the triggering threshold of the second thyristor. 

* * * * * 


